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Abstract
In this work we show that, by introducing two SU(3)c × SU(2)L singlet right handed fermions
carrying opposite U(1)Y charges and while their left handed counterparts are singlet under SU(3)c×
SU(2)L and neutral under U(1)Y , in the regime where the new charged lepton masses are in the
electroweak scale it will be able to explain the small neutrino masses via minimum-inverse seesaw
scenario (MISS) as well as the reported R(K(∗)) and muon (g − 2) discrepancies. Also when the
charged fermion masses are well above the electro weak scale the model can not explain the reported
R(K(∗)) and muon (g− 2) discrepancies, but in this regime the model could explain the primordial
Lithium problem. The model have another interesting side extension where it can produce a stable
and singlet under strong interaction scalar baryon, provided the exotic fermions are vector like
under U(1)Y carrying fractional electromagnetic charges similar to uR and dR quarks (then MISS
is not possible), which could constitute much of the dark matter mass of the universe which could
link the origin of ordinary matter and DM. The model can also provide new annihilation channels
for the scalar singlet DM as well as allowing a doubly charged scalar whose signatures could show
up in HL-LHC, ILC, CEPC etc.
∗Preprint No. : HRI-RECAPP-2018-012
1
1 Introduction.
Standard-model (SM) of particle physics is the most successful theory of our understanding of the laws
governing the natural world at subatomic to terrestrial scale where general relativity effects can be
neglected. It is based on the symmetry group SU(3)c × SU(2)L ×U(1)Y and its predictions has been
verified and tested by many experiments over the last 40 or so years since its inception and no major
deviation from its predictions has been found yet. However, there have been new developments since
SM was proposed, one being the observations of neutrino oscillations indicating that neutrino have
tiny but non-zero masses, which can be incorporated easily in SM by introducing three right handed
neutrinos, but then SM can not give a satisfying answer to the reason why neutrino masses are much
smaller than the masses of the other fermions in SM. Another of new developments since SM was
the discovery of missing mass (DM) in astrophysical observations, to which SM has no candidate to
account for. Then there are also recent reports of deviations from SM predictions in lepton universality
observables in B decays as high as 4σ in some cases besides the long standing disagreement between
SM and experimental prediction in (g − 2)µ at the level of 3.6σ. Then there is also the so called
primordial Lithium deficit problem in Big-Bang-Nucleus (BBN) synthesis where it is reported about
n
Li+3
n
H+1
≈ O(10−10) fewer Li+3 nucleus observed then expected from BBN [21]. Here in this work we will
propose a new-physics (NP) model with new leptons and scalars and show that in the regime where
masses of the new leptons are at the electroweak scale, the reported anomalies in RK(∗) =
B→K(∗)µ+µ−
B→K(∗)e+e−
[2][3][4][5][6][7] and muon (g-2) [13] can be explained and in the regime where the masses of the new
leptons are well above the electroweak scale, the model can not explain RK(∗) and muon (g-2) but in
this regime there are interesting possibilities of existence of neutral scalar baryons as well as scalar
baryons carrying -3 electromagnetic charges, which can be candidate to account DM and primordial
Lithium problem respectively. The paper is divide as follows, in Section:2 we give the details of the
model. In Section:3 we give the explanations of RK(∗) and muon (g-2) in the low mass regime of
new leptons and in Section:4 we show that our model can explain the smallness of neutrino masses
via minimal-inverse seesaw scenario (MISS). In Section:5 we give the models implications to DM and
primordial Lithium deficit in the high mass regime of the new leptons. And in Section:6 we conclude.
2 Model details.
In standard-model(SM) we have left handed and right handed fermions carrying different non-zero
U(1)Y charges, here we will introduce two new leptons whose right handed parts are charged under
the U(1)Y , and carries opposite U(1)Y charges to make the model free of axial gauge anomaly, while
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their left handed are required not to be charged under the U(1)Y plus we also introduce one lepto-quark
and one inert-Higgs-doublet as shown in Table(1). Then allowed Yukawa interactions are
Lint =
3∑
i=1
(hqiQ¯iLφLQf1R+hiL¯iLηf1R)+
mf
2
(f¯1Rf
c
2R+f¯2Rf
c
1R)+
3,2∑
i=1,j=1
yνijL¯iLHˆνjR+
1
2
f¯Lµf
c
L+f¯LMRνR+h.c
(1)
where fL = (f1L, f2L)
T , νR = (ν1R, ν2R)
T and it will be shown in section 4 that the 2x2 matrices MR
and µ along with 3x2 Dirac neutrino mass matrix from Higgs (H) term due to Higgs VEV can generate
small neutrino masses via minimum-inverse seesaw scenario (MISS) [1]. In the basis fR = (f1R, f
c
2R)
T
we can write
mf
2 (f¯1Rf
c
2R+ f¯2Rf
c
1R)+h.c = mf (f¯1Rf
c
2R)+h.c
1 as f¯RMffR whereMf = mf
[
0 1
1 0
]
. The
Particles L SU(3)c SU(2)L U(1)Y Z2
f1R 1 1 1 -1 -1
f1L 1 1 1 0 +1
f2R -1 1 1 +1 -1
f2L 1 1 1 0 +1
φLQ 0 3 2 7/6 -1
η 0 1 2 1/2 -1
νiR 1 1 1 0 +1
Table 1: The charge assignments of new leptons under the SM gauge groups, lepton number (L) and
Z2 with i = 1, 2.
mass Mf can be diagonalized by
1√
2
[
1 1
−1 1
]
which gives two fermions of degenerate pseudo-Dirac
masses mf with eigen functions F1 =
1√
2
(f1R+f
c
2R) and F2 =
1√
2
(−f1R+f c2R). We would like to point
out here that if f1 carry muon lepton number (which we assumed in this work unless explicitly stated
otherwise) but f2 need not carry muon lepton number but could carry electron lepton number (in this
work) or tau lepton number, hence the phrase pseudo-Dirac masses. And f1 carrying muon lepton
number and f2 carrying electron lepton number can explain why the anomalies are only observed in
the muon sector instead of electron sector.
1where (f¯1Rf
c
2R) = (f¯1RC ¯f2R
T
) = −(fcT1RC
TC ¯f2R
T
) = −(fcT1R ¯f2R
T
) = (f¯2Rf
c
1R), the factor
1
2
will be canceled, where
C is the fermionic charge conjugation operator which has the nice properties of C−1 = C† = CT = −C [25].
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3 Implications to RK(∗) and (g − 2)µ.
In general it is well known that flavor-changing-neutral-current (FCNC) observables are very sensitive
to new-physics (NP) as SM is free of FCNC at tree level. Particularly the FCNC observables RK(∗) =
Br(B→K(∗)µ+µ−)
Br(B→K(∗)e+e−) [2] are very well studied and so the LHCb [3][4][2][5][6] and Belle [7] reporting of about
4σ deviation in observables related to these processes is very interesting [8]. A global fit to the data on
various observables in these processes with a generic model independent Wilson coefficients gives the
best fit Wilson coefficients as CNP9 , C
NP
9 = −CNP10 or CNP9 = −C
′NP
9 with large C
NP
9 is preferred over
SM CSM9 at the level of above 4σ [9][8][10]. In our model, the NP will be able to generate the Wilson
coefficients CNP9 = −CNP10 via box loop diagrams, where a general model independent treatment of
box loop contributions from new particles to RK(∗) is given in [12]. The range of NP Wilson coefficient
at 1σ in our type of models is given as [8]
−0.81 ≤ CNP9 = −CNP10 ≤ −0.51 (1σ). (2)
The key constrains on the NP parameters comes from the observables Br(Bs → µ+µ−), B0s − B¯0s
mixing and b→ sγ. The present bounds on these observables are [12]
−2.1× 10−5 TeV −2 ≤ CB0s B¯0s (µH)NP ≤ 0.6× 10−5 TeV −2 (2σ) (3)
and the constrain from b→ sγ on CNP7 and CNP8 is given as [12]
−0.098 ≤ CNP7 (µH) + 0.24CNP8 (µH) ≤ 0.07 (2σ) (4)
where µH = 2mW and also with present measurements we have [15]
Br(Bs → µ+µ−)Exp. = 2.8+7−6 × 10−9 (5)
which is consistent with SM prediction so NP contribution to this observable is required to be small.
There is also the reported anomaly in the muon (g-2) which is reported to be as high as 3.6σ according
to some estimate [13] given as
δaµ = a
Exp
µ − aSMµ = (288 ± 63± 49) × 10−11. (6)
Now from Eqs.(1) we can have contributions from the inert-Higgs sector to the δaNPµ given as
m2µ|hµ|2
2× 16π
∫ 1
0
dx[
x2 − x3
m2µx
2 + (m2f −m2µ)x+m2H0(1− x)
+
x2 − x3
m2µx
2 + (m2f −m2µ)x+m2A0(1− x)
] (7)
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where H0 and A0 are the CP even and CP odd neutral scalars respectively of the inert-doublet. For
hµ = 3, mf = 160 GeV, mH0 = 150 GeV and mA0 = 300, these values will be used as the benchmark
values through out this work, we get δaNP = 2.055 × 10−9 which is within 1.4σ of the reported
deviation in this observable.
Now contributions to the b→ sµ+µ− via box loop due to new particles in our model can be expressed
as
CNP9 = −CNP10 = N
Re(h
′
bh
′∗
s )|hµ|2
2× 32παEMm2f
[S(xQ, xH0) + S(xQ, xA0)] (8)
where S(x, y) are Inami-Lin functions and given as [11][12]
S(x, y) =
1
(1− x)(1− y) +
x2 lnx
(1− x)2(x− y) +
y2 ln y
(1− y)2(y − x) (9)
with xQ =
m2
LQ
m2
f
, xH0 =
m2
H0
m2
f
and xA0 =
m2
A0
m2
f
where mLQ being mass of the Leptoquark involved
and we take its benchmark value through out this work as mLQ = 900 GeV which is above the
present LHC lower bound and αEM ≈ 1137 is taken here. The h
′
b and h
′
s are the quark sector Yukawa
couplings in Eqs.(1) in the mass eigen state and we impose same conditions on the quark sector Yukawa
couplings and CKM matrix elements as in [17][18] where the angles of CKM matrix elements are fixed
as π ≤ θ12 ≤ 3π2 and 3π2 ≤ θ13, θ23 ≤ 2π, i.e the signs of the first two rows of CKM matrix elements
are changed relative to the third row compared to the usual convention where all the angles are fixed
in the first quadrant [17][18]. Also similar to that in [18] we impose
h
′
d = −Vudhd − Vcdhs + Vtdhb = 0 (10)
to satisfy the very stringent bounds from K0 − K¯0 and B0 − B¯0 oscillations which can be satisfied
along with explaining the RK(∗) data for h1s = h1b =
2
√
π
21.588 with Re(h1d) = 0.039 and Im(h1d) =
−5.51 × 10−4 [18]. With these values of the Yukawa couplings in the quark sector we get h′bh
′∗
s =
−0.027 + O(10−5)i, and taking the benchmark values of the masses and hµ given before gives from
Eqs.(8)
CNP9 = −CNP10 = −0.67, (11)
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which is within the 1σ experimental bound given in Eqs.(2).2 At this value of h
′
bh
′∗
s the NP contribution
to B0s − B¯0s oscillation can be expressed as [19]
CNPBB¯ =
(h
′
bh
′∗
s )
2
128π2m2f
[S(xQ, xQ)] (12)
which give with benchmark values of the parameters Re(CNP
BB¯
) = 7.1×10−7 TeV −2 which is about an
order of magnitude smaller than the present 2σ bound on this observable given in Eqs.(3). There is
also contribution to the CP violation in B0s − B¯0s oscillation from imaginary part of (h
′
bh
′∗
s )
2, but due
to smallness of the imaginary part of (h
′
bh
′∗
s )
2, NP contribution to CP violation in B0s − B¯0s oscillation
is negligible, see [12]. Also with given values of the NP parameters, we get CNP7 + 0.24C
NP
8 =
−2.6 × 10−3 which is about two order of magnitude smaller than the present 2σ bound on these
Wilson coefficients given in Eqs.(4) coming from b → sγ data [12]. With Ceff.10 = CSM10 + CNP10 and
Br(Bs → µ+µ−)NP being proportional to |Ceff.10 |2 [19] and with CSM10 = −4.31 and CNP10 = +0.67 gives
Br(Bs → µ+µ−)NP = 2.6 × 10−9 which is well within 1σ of the measured experimental bound given
in Eqs.(5). Contributions due to NP to Br(Z → (q¯q)) in the quark sector turn out to be negligible
at the benchmark values of the parameters taken in this work, and Br(Z → µ+µ−)NP ≈ Br(Z →
ν¯ν)NP ≈ 1.25×10−6 formH0 ≈ mH± which is one and two orders of magnitude smaller than the present
respective experimental bounds ofBr(Z → µ+µ−)Exp.error = 6.6×10−5 andBr(Z → ν¯ν)Exp.error = 5.5×10−4.
The mH0 ≈ mH± assumption also avoid constrains from Peskin-Tekuchi ∆T and ∆S parameters as
in this limit of inert-Higgs-doublet model ∆TNP ≈ 0 and ∆SNP ≈ 0 which is well within the present
experimental bounds of ∆TExp. < 0.27 and ∆SExp. < 0.22 [13][14]. Where in the above calculations
we have taken the values of quark masses, CKM parameters and experimental bounds from PDG [13]
and for Br(Z → l¯l(q¯q))NP we have used Eqs.(12) of [18] with (T3−Q sin θW 2)→ (sin θW tan θW ), see
also Eqs.(2.39) of [16].
4 Minimal Inverse Seesaw Scenario (MISS).
With addition of only two right handed neutrinos to the SM, after Higgs developed and non-zero VEV,
the last three terms in Eqs.(1) can be written as
−Lm = ν¯LMDνR + f¯LMRνR + 1
2
f¯Lµf
c
L + h.c (13)
2We have adopted this sign convention of the CKM matrix elements to satisfy Eqs.(10) and Eqs.(11) with Eqs.(11)
requiring that Re(h
′
bh
′∗
s ) is negative, so the sign convention we adopted turns out to be one of the simplest way to satisfy
all of them.... for details see [17]
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with µ being a Majorana 2x2 mass matrix along with MD being a 3x2 Dirac mass matrix generated
due to non-zero Higgs VEV andMR being a 2x2 mass matrix between fL and νR. The µ term being of
Lepton number violating it is expected to be small which lead to small masses to the light neutrinos,
the well known inverse seesaw mechanism [20]. But our mass matrices correspond to the minimal
inverse seesaw scenario (MISS) proposed recently in [1]. In the basis (νL, ν
c
R, fL) the mass terms given
above can be written in terms of a 7x7 symmetric mass matrix as [1]
Mν =


0 MD 0
MTD 0 M
T
R
0 MR µ

 (14)
where by redefinition of singlet fields fL and a unitary transformation on νR fields we can take µ
as diagonal and MR as Hermitian without loss of generality [1]. Then with the usual conditions in
inverse seesaw mechanism of MR > MD >> µ, at the leading order in MDM
−1
R we can express the
light neutrino mass matrix in MISS as
mν =MDM
−1
R µ(M
T
R )
−1MTD = TµT
T , (15)
where T =MDM
−1
R is a 3x2 matrix. Then at µ ≈ 1 keV, MDM−1R = 10−2 we have the light neutrino
masses in the order of 0.1 eV. This light neutrino mass matrix has been shown to be diagonalized by
a unitary transformation as
U †mνU∗ = diag(m1,m2,m3) (16)
where m1,2,3 being the light neutrino masses with one of the light neutrino is predicted to be massless.
The heavy sector consist of pair of pseudo-Dirac neutrinos Pi = (fiL, νiR) with a tiny mass splitting
between the corresponding CP conjugate Majorana components of order µ. The left handed SM
neutrinos can be expressed in terms of the mass eigenstates as
νiL ≈ VijννjL + TUijRPjL (17)
where U †RMRUR = diag(mP1 ,mP2) and Vν ≈ (1 − 12TT †)U and so effects of heavy neutrinos and
non-unitarity of Vν can be expressed in terms of SM charged current interactions of neutrinos as [1]
LCC = − g√
2
l¯Lγµ(VννiL + TURPjL)W
µ + h.c. (18)
We direct the readers to [1] for a very comprehensive analysis of MISS and its phenomenological
consequences in LFV, neutrino oscillations, constrains on non-unitary parameters and sensitivity to
searches at neutrino factories etc.
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5 Scalar quarks, primordial Li problem and DM.
In the previous sections we have shown the implications of a particular way to realize the MISS model
for neutrino mass generation to RK(∗) and (g−2)µ in the mass regime of the new charged righted lepton
pairs around electroweak scale. In this section we will analyze the regime of mass of the new charged
righted lepton pairs well above the electroweak scale. When the mass of the new charged lepton is
near TeV and above, contributions to the RK(∗) and (g − 2)µ from new particles becomes negligible
and so it can not explain the discrepancies between present experimental data and SM predictions.
Then the existence of φLQ and η has lost its empirical basis and they need not exist at all. Also in
what follows we will assume that f1R and f2R are just charged fermions which do not carry either
lepton or baryon number contrary to that in the previous sections where they carry lepton number3.
Then the new charged particles can have more exotic interactions if we introduce more Z2 odd scalars
such that we can have Yukawa terms such as
−LY = y0l¯cRf2Rφ0 + y++ l¯cRf1Rφ++ + y4/3d¯cRf1Rφ+4/3 + y1/3u¯cRf1Rφ+1/3
+y2/3d¯
c
Rf2Rφ
−2/3 + y5/3u¯
c
Rf2Rφ
−5/3 + h.c
(19)
where in Table(2) we have shown the charges carried by the different scalars under the various sym-
metry groups. Note that these terms can be added to Eqs.(1) but they have not much interesting
concequences in the regime where the exotic fermion masses are small, unlike the heavy mass regime
of the exotic fermions as will be shown in the following paragraphs. Since f1R is similar to the SM
Particles L B SU(3)F SU(3)c SU(2)L U(1)Y Z2
φ0 0 0 1 1 1 0 -1
φ++ -2 or 0 0 1 1 1 +2 -1
φ+4/3 -1 or 0 -1/3 d¯ & s¯ 3¯ 1 +4/3 -1
φ+1/3 -1 or 0 -1/3 u¯ 3¯ 1 +1/3 -1
φ−2/3 +1 or 0 -1/3 d¯ & s¯ 3¯ 1 -2/3 -1
φ−5/3 +1 or 0 -1/3 u¯ 3¯ 1 -5/3 -1
Table 2: The charge assignments of new scalars under the SM gauge groups, lepton number (L),
Baryon number (B) and Z2. The SU(3)F denote the SM flavor symmetry of u, d and s quarks.
right handed leptons, it is known that the terms with φ4/3 and φ1/3 (for leptoquarks) can be written
3this is aimed at leptogenesis (where some of lepton numbers get converted into baryons) so that we can have a clear
sense of what is generated from what.....
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with SM right handed leptons and quarks if they are made to be even under the Z2 group but then
from the present mass limits (mφ > mt) on such charged scalars (leptoquarks for SM leptons only)
with such interactions [13], these scalars will be unstable. Also here due to f2R having opposite charge
to that of a SM right handed leptons, the terms with φ2/3 and φ5/3 scalars are not allowed with
SM leptons and quarks alone. As will be shown, presence of φ±4/3 and φ±1/3 has very interesting
consequences if we assume that mf > mφ and in the baryongensis or leptogenesis process we have
a production of a small amount of excesses of φ−4/3(d/s) and φ−1/3(u)4 along with SM quarks u2/3
and d−1/3 such that nφφφn
H+
≈ O(10−10) i.e the exotic baryon density (nφφφ) is much smaller than the
SM baryon density (nH+). In general it is expected that the maximum density of the exotic baryons
will be of the type B(qqφ) and B(qφφ) but to determine the multiplets of these baryons, we need to
know what the statistical law governing an exchange between a fermionic quark and a scalar quark
should be, only then we will be able to determine the multiplets of such baryon states. However if the
flavor SU(3)F of the scalar quarks is not the flavor SU(3)F of SM u, d and s quarks, then B(qqφ) and
B(qφφ) baryons may not exist.
Then the exotic baryon with three scalar quarks B(φφφ) is the only allowed simple baryon whose
color and flavor wave functions are both in singlet combination such that over all wave function is
symmetric when any two of it’s bosonic constituents are exchanged. So only one such B(φφφ) baryon
is allowed due to requirement of total symmetric wave function for exchange of constituent bosons in
the ground state with angular momentum zero (symmetric), in the color singlet state (totally anti-
symmetric) and flavor singlet state (totally anti-symmetric), and the interesting thing is that the
possible B(φφφ) baryon have electromagnetic charge -3 which is of interest as possible solution to the
primordial Li problem [21]. The interesting baryon with charge -3 is B(φ−1/3(u)φ−4/3(d)φ−4/3(s))
(where u, d and s symbols denote the respective flavor carried by the scalar quark) with spin zero and
in the SU(3)F flavor singlet state (totally anti-symmetric), and also due to the scalar quarks being
bosons the size of these scalar baryons should be much smaller than the size of the proton and neutron
and so it’s participation in the BBN is expected to be minimal due to reduce crosssection for collision
and also the BBN contribution from these scalar baryons are expected to be suppressed to the level
of OZI rule or smaller (due to scalar baryon being singlet under both color and flavor and also due
to heavy mass scale of scalar quarks). Even presence of a very small amount of such exotic baryon
could be able to explain the Li deficit, probably the ratio of the exotic baryon density to that of the
density of the hydrogen nucleus at the order of
nφφφ
n
H+
≈ O(10−10) will be enough. In what follows
4where here the symbols u, d and s inside the bracket denote the SM SU(3)F flavor carried by the respective scalar
quarks but in general the scalar SU(3)F need not be the same flavor SU(3)F in the SM quark sector.
9
we will give a tentative argument regarding how the scalar baryons carrying electromagnetic charge
of -3 (B(φ−1/3(u)φ−4/3(d)φ−4/3(s))) could explain the primordial Li deficit problem, we will not go
through a detail analysis as it is very involved calculations and also it is beyond the scope of the
present work. Given a hydrogen like atom formed between two charged particles of masses m1 >> m2
carrying charges in unit of e of z1 and z2 respectively then the Bohr energy levels are given as
En = −m2
me
z21z
2
2
mee
4
32π2ǫ20~
2
1
n2
= −m2
me
z21z
2
2E1
1
n2
(20)
where E1 =
mee4
32π2ǫ20~
2 = 13.6 eV is the ionization energy of hydrogen atom.
Now the heavy B(φ−1/3(u)φ−4/3(d)φ−4/3(s)) with -3 charged ion (z1 = 3) can form a hydrogen like
atom with a proton (z2 = 1) or with a Helium nucleus (z2 = 2) or with Lithium nucleus (z2 = 3)
due to primary collisions, then the ionization energy of the such heavy atoms of the scalar baryon
with a proton is about 224.746 keV compared to ionization energy of forming a hydrogen like atom
with Li+3 nucleus of 14.159 MeV from Eqs.(20) indicates that as the universe cools due to expansion,
eventually at the time when temperature of the universe have dropped below the level where most of
the photons have not enough energy to ionize the hydrogen like atom formed between Li+3 and the
heavy scalar baryon, still substantial amount of those photons will have enough energy to ionize the
hydrogen like ion formed between the heavy scalar baryon and He+2 and H+1 and hence it is expected
that eventually most of the -3 charged heavy scalar baryons will form a hydrogen like atom with a
Li+3 and so in that sense Li+3 is expected to be below the prediction from that of cosmology with
only SM quarks. If in deed such heavy atoms are formed then they absorption and emission spectral
line of first excitation can be searched for in the X-ray band around E2(Li)− E1(Li) = 10.619 MeV.
This absorption and emission line can be looked for by X-ray detectors such as Chandra-X, HXMT,
XRISM etc. although they are expected to be very faint compare to normal hydrogen absorption and
emission line by a factor of about nLinH = 10
−10. The simplest collider signatures would be pp/ee →
g∗/Z∗/γ∗ → φ¯(q)φ(q)→ (q¯q)∗ → hadronic final states, which could show up in the form of a heavy
resonance at invariant mass of φ¯(q)φ(q) such as e.g pp/ee→ g∗/Z∗/γ∗ → φ¯(s)φ(s)→ (s¯s)∗ → K+K−
or K¯0K0, etc.
Another very interesting observation to be made about Eqs.(19) is that instead as done above where
Qf1R = −Qf2R = −e if we introduced two new vector like fermions carrying same Y as dR quark and
uR quark as Qf1 = −1/3e and Qf2 = 2/3e respectively with both odd under Z2 and singlets under
SU(3)c × SU(2)L and mf1,2 > mφ(d,u) + md,u.5 Then the corresponding allowed Yukawa terms are
y1d¯Rf1Lφ(d) + y2u¯Rf2Lφ(u) and the respective scalar quarks φ(u), φ(d) and φ(s) are required to be
5of course now MISS mechanism is not possible with left handed fermions charged....
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neutral and stable which implies the scalar baryon B(φ(u)φ(d)φ(s)) will be also neutral, stable as
well as singlet under the strong interaction and could be a DM candidate.6 This scalar baryon is
stable under strong color interaction due to asymptotic freedom but it may not be stable under its
own gravity. However if the exotic fermions carry charges Qf1 = −1 and Qf2 = 0 then all three scalar
quarks above carry Q = +23 and we can have a stable scalar baryon of charge +2, and if they are very
heavy (O(TeV )) then a small amount (nφφφnH ≈ O(6× 10−3)) could account much of DM mass of the
universe, whose transition spectra will be very close to that of Helium atom except due to corrections
from difference in nucleus masses and also similar to Helium atom this exotic Helium is chemically
inert as well.7 This baryon will be stable under it’s own gravity due to electromagnetic repulsions
among its constituents8.9
The other interesting thing about the Eqs.(19) is the first term in which if mf > mφ0 then the scalar
φ0 is the scalar singlet DM candidate, for which the Higgs portal has been ruled out due to small
Yukawa coupling imposed by the direct and indirect measurements except near the Higgs resonance
neck region with Yukawa coupling of O(10−4), as such small Yukawa coupling predicts over abundance
of DM relic density [22] in low mass region. However here the scalar singlet has the new Yukawa term
which provide new annihilation channels and could avoid over abundance problem in the regime where
the scalar singlet DM masses are below 100 GeV [23].
Then the doubly charged scalar term is also interesting in a sense that if it is very heavy but mf1R >
mφ±± then it is stable, and if some how a small excess of φ
++ is generated over the φ−− in the early
universe, then bound state of φ++ with two electron will be chemically inert and have absorption and
emission spectra very close to the absorption and emission spectra of helium atom and so they may
have been counted as helium but since they are much more massive then helium, they could actually
account much of the universe’s invisible mass (DM). For a recent collider signature analysis of doubly
charged scalars with SM fermions see [24].
6also with φ(u) carrying Q = +2/3 and φ(d, s) carrying charges Q = −1/3 similar like the u and d type quarks then
B(φ(u)φ(d)φ(s)) will be neutral and singlet under strong interaction and could be DM although its stability under EM
is not clear as the constituents being scalars unlike neutron whose constituents are fermions.
7also Qf1 = +1/3 and Qf2 = +4/3 will generate scalar baryon of charge -2 could absorb about
nφφφ
nH
≈ O(6× 10−3)
of protons or Helium and account for the DM mass.......
8These scalar baryons are very different from neutron or helium nuclie as this scalar baryon is expected to be much
smaller in size than neutron or helium nuclie and so would not have participated much in the BBN.
9in general if we take the size of these scalar baryons in scale of the proton or the neutron then since the scalar
baryons are much heavier and so much denser they are expected to sink to the core of stars and galaxies and planets
etc. and so they spectral signatures may not be that easy to find.....
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6 Conclusions.
In this work we have presented an extension of SM by introducing two new leptons whose right handed
parts are singlet under the SM non-Abelian gauge symmetries but carries opposite charges under the
U(1)Y while their left handed is singlet under the whole SM gauge group. We have shown that,
by introducing different kind of new scalars with respect to whether the masses of the new charged
fermions are near the SM energy scale (low) or well above SM energy scale (high), our extension can
explain the RK(∗) and muon (g-2) in the low mass regime and it could explain the primordial Lithium
problem in the high mass regime beside its neutral left handed parts able to generate small neutrino
masses via MISS. Also a very interesting side observation we made is that there are different ways of
assigning charges if the new fermions are assumed to be vector like (instead of chiral as assumed in
most part of this work) under U(1)Y then we can have stable scalar baryon that could constitute a
large part of universe’s invisible mass (DM).
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